The coupled nonlinear Schrödinger equations (CNLS) which describe two linearly polarized modes interaction (with taken into account the polarization modes interaction) in the Kerr medium is derived. We take first two modes for cylindrical fiber which are also known as HE11 and TE01 modes which have different propagation constant. This approach bases on projection to orthogonal function basis (Bessel function in the case of cylindrical geometry of a fiber). Analytic expressions and numerical results for coupling coefficiens are given.
Introduction
At the paper [1] we describe a method which makes a possibility to derive coupled nonlinear Schrödinger C(NLS) equations for a multi-mode fibers but there we focus on mono-mode case evaluating the nonlinearity parameter of NLS numerically. Here we derive CNLS equations for two modes (where l = 0, ±1 and n = 0 in both case).
In most papers authors investigate polarization behavior [2, 5] ; here we take into consideration a coupling between modes. We take the fundamental mode (which also known as HE11) and the second mode (TE01).The fundamental and the second mode have different group velocity, this difference have influence on a coupling coefficient magnitude. This model could be used in other waveguides
where z is defined by
and coefficient (from Bessel function orthogonality)
We could omit nonlinear group velocity because it is small and now we focuse on the multi-mode interaction. When in the single-mode case (with two polarization) we could omit difference in group velocities (assuming that the fiber is isotropic and don't have bendings) in multi-mode fiber we could not, because different modes have different group velocity. We get this by introducing co-ordinate system which move with the medium group velocity
next step is introducing a slowly varying amplitude of the wave envelope [4] in the form σX
Two modes interaction
In this section we derive a forms of the multi-mode coupling coefficients. First, due to the isotropic material assumption, we write k
. We plug the general solution for the electromagnetic field [1] in to the left side of equations (5)- (6). This yields four equations (two modes and each mode have two polarization)
The coupling coefficients are in the following form 
and
where l = 0, 1.
The coefficients O 1 and O 2 are the same as coefficient for the single mode with l = 0 and n = 1. The Q 1 and Q 2 coefficients are the same as for one mode with l = 1 and n = 0. This part of equations describe interaction between polarization mode with the same number l and have been analyzed in [1] .
Rest of the coefficients describes the interaction between two different modes (with different l number) and their polarization. and for isotropic medium have the same value. Figure 2 shows difference between coefficients: (O 5 is smallest and have smallest increment). In our calculation we defined a normalized frequency as
Numerical results
and in numerical calculation we used physical parameters with the following 
Conclusion
In this paper we consider an influence of Kerr nonlinearity on the mode coupling in a case of a two-mode fiber. Two-mode fiber is approximation of multi-mode fiber because in step-index cylindrical fiber with V > 2.4 we have more than two modes excited [5] . These results show how the mode influence each other and we expected higher influence when V is bigger. The reason is that the propagation constants k 01 for higher V is roughly k 11 ( fig. 3 ).
Using the method described here one can study mode interaction not only in the cylindrical waveguide, where predominant is single-mode fiber, but in other waveguide where second-modes is important. Here we show all calculations for isotropic medium but it is possibility to make it for anisotropic medium. 
